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A bstract ; In the present study, we have calculated the volumes of CaSiO^, MgSiO,, (Mgoglxo ,)SiOj and (Mg,,nheo2)8103 perovskites 
under high temperature and high pressures using the Shanker equation of thermal expansivity, riic results obtained are found to be in close 
agreement with the recent experimental P-V-T data for the solids under study. It has been concluded that the Anderson-Ciruncisen 
parameter vanes significantly at high temperature and the results aie modified The present method has been found to be useful lor 
predicting the volumes of the solids under high temperatures.
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Recently, Shanker et al [1] have derived an equation for 
thermal expansivity, representing a relationship between 
volume expansion and temperature, using the method based 
on the series expansion of lattice potential energy originally 
due to Bom and Huang [2]. In order to understand the 
thermodynamic and theimoelastic behaviour of solids at 
high temperatures and high pressures, it is necessary to 
have reliable values of volume expansion corresponding to 
high temperature values. We have therefore, made an 
efforts to predict the volumes for silicate perovskites 
which play a very sensitive role in analyzing the thermal 
expansion coefficients, elastic constants and bulk modulus 
for these solids.
In the present study, wc have modified the Shanker’s 
equation [1] in view of the fact that the value of ATq which 
is the first pressure derivative of bulk modulus at P  -  0 
can be considered equal to Anderson-Gruneisen parameter 
St under the assumption that the product of volume 
thermal expansion coefficient and bulk modulus remain 
constant at high temperature [3], Recently, Prasad et al. [4]
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have noted that values of Sr changes with temperature 
significantly, whereas in the expression as obtained by 
Shanker et al [1], the values of K  have been considered 
to be constant at all the temperatures. Since the Ander­
son parameter Sr and A'^are the same under the as­
sumption [3], the values of K^) can not be considered to 
be a constant parameter al high temperature.
Motivated with this situation, we have thus replaced 
ATq by in the Shanker’s expression and made Sr to be 
a tem perature-dependent, phenom enologically  as 
follows [4] :
S-r , ( I )
where X  = — , 7*0 is the reference temperature (Tl, = 300 K) 
T
and ^ is a constant calculated using the relation
S\ogSr
S lo g X  J 
equation can be written as :
. Thus, the modified form of Shanker’s
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(2)L  [ l - [ l - 2 / A ; f c W + l ) ( ^ , H - P ) l l :
V.. ( w y T i j
where K,, is the value of isothermal bulk modulus and 
is the value of change in thermal pressure which is 
calculated using the following relationship [5].
AP,, ^ o K r (T -T ^ ,) , (3)
phenomenological temperature-dependence o f Anderson- 
Gruneisen parameter determines the results of thermal ex­
pansion in solids satisfactorily. On the basis of above 
discussions and results achieved in the present study, it
Tabic 1. Comparison of volumes for CaSiO, perovskite calculated from 
equation (2) given in column (a) and experimental values [7] given m 
column (b).
where a , the thermal expansivity and AV. the isothermal 
bulk modulus arc the values taken at = 0 and T -  -
300 K [6], Above the Debye temperature, the product oKr 
becomes nearly constant and the values of change 
linearly with temperature at higher temperatures. The val­
ues of K/F  ^ have been calculated with the help of eq. (2) 
at selected temperatures and pressures so as to make a 
direct comparison with the experimental data for silicate 
perovskites [7-9], For CaSi03 perovskite, the thermal pres­
sure has been found virtually independent of volume 
[7,10] and therefore, the product aKj, remains constant. 
Hence, we have used the room temperature and zero- 
pressure value of a K j = 12  x 10^ GPa/K for CaSiO^ 
perovskite [7]. For the other three (Mg,Fe) silicate 
perovskites, wc have used aK^ ”  6.92 x 10'^ GPa/K 
determined by Anderson and Masuda [11] by taking the 
value of a  and A'  ^ at P = 0 and T 6, the Debye 
temperature.
The values used for input parameters in case of CaSi03 
perovskite are taken as A = 232 GPa, = ^-8 and = 
45.58 A. All these values have been determined by Wang 
et al [7] by performing a detailed analysis of their experi­
mental data. They have considered the compatibility with 
the diamond cell data reported by Mao et al,[\2] for 
CaSiOj, to 134 GPa at room temperature. For other three 
perovskites represented by (Mg,,^Fe^)Si03, we take A^- 
261 GPa and S f  =4 .1  as reported by Mao et al [8]. It 
has been found [8] that in case of ail three perovskites 
with X = 0.0, 0.1 and 0.2, the room temperature isothermal 
equations o f state are indistinguishable within the 
uncertaintity limits of the experimental. Using the input 
data as described above, we have calculated F/F with the 
help of eqs. (2) and (3), for silicate perovskites under 
simultaneous high pressure and high temperature condi­
tions. The results for CaSi03 perovskite and (Mg,^^Fej^)Si03 
perovskites are compared with the experimental data [7,8] 
in Tables 1 and 2 respectively. We note from the tables 
that there is good agreement between calculated and 
experimental values. This implies that the inclusion of
Temperature Pressure Volume (A)'
(K) (GPa)
a b(7]
301 2.67 45.06 45.03
303 4.10 44.82 44.87
304 9.60 43.90 43.93
306 10.07 43.80 43.83
570 4 70 45.02 45.12
575 9.50 44.21 44.22
770 10.00 44.35 44.38
080 5.50 45.45 45 44
974 7.90 45.01 44.92
976 9.37 44.72 44.71
980 10.50 44.53 44.53
970 1 1.35 44.40 44 41
1172 1 1.70 44.57 44.54
12.02 44.75 44.76
Table 2. Comparison of volumes for (Mg, J-'cJSiO, perovskites calcu­
lated using equation (2) given in column (a) and experimental values 







A -  0.0 300 3.80 160.31 160.46
300 6.30 158.65 158.84
300 13.48 155.29 155.69
A -  0.1 300 2 29 161 29 161.30
300 13.20 155.65 155.70
300 26 00 149.71 149.73
380 26.02 150.09 150.46
544 23.08 151.41 151.63
658 14.18 156.76 156.72
773 10.90 158.24 158,56
877 3.95 163.35 163.72
800 7.50 161.02 161.00
800 9.85 159.25 159.00
700 20.55 153.08 153.17
900 15.50 156.26 156.57
A « 0.2 300 4.80 160.46 160.41
300 13.65 155.79 155.87
300 19.50 153.21 153.37
may thus be concluded that our approach can be employed to 
the thermal expansions in simple and complex solids at high 
temperatures and high pressures successfully.
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